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Description

[0001] Rape (i.e., Brassica napus and Brassica campestris) is being grown as an increasingly important oilseed crop
in many parts of the world. As a source of vegetable oil, it presently ranks behind only soybeans and palm and is virtu-
ally tied with sunflower for the number three position of commercial importance. The oil is used as both a cooking and
salad oil throughout the world.

[0002] In its original form rapeseed oil was found to have deleterious effects on human health due to its relatively high
level of erucic acid which commonly is present in native cultivars in concentrations of 30 to 50 percent by weight based
upon the total fatty acid content. In the past plant scientists identified a germplasm source of low erucic acid rapeseed
oil and began incorporating this trait into commercial cultivars. See, Chapter 6 entitled "The Development of Improved
Rapeseed Cultivars” by B.R. Stefansson from "High and Low Erucic Acid Rapeseed Qils" edited by John K.G. Kramer,
Frank D. Sauer, and Wallace J. Pigden, Academic Press Canada (1983).

[0003] In Canada plant scientists focused their efforts on creating so-called "double-low"” varieties which were low in
erucic acid in the oil and low in glucosinolates in the solid meal remaining after oil extraction (i.e., an erucic acid content
of less than 2.0 percent by weight based upon the total fatty acid content, and a glucosinolate content of less than 30
micromoles per gram of the oil-free meal). These higher quality forms of rape developed in Canada are known as can-
ola. In contrast European scientists worked to achieve only "single-low" types which were low in erucic acid, but did not
attempt to improve the quality of the solid meal which retained a glucosinolate content of about 100 micromoles per
gram of oil-free meal. The result of this major change in the fatty acid composition of rapeseed oil was to create an
entirely new oil profile which often contained approximately 62 percent by weight of oleic acid based upon the total fatty
acid content. Since the overall percentage of oil in the seed did not change appreciably when the new low erucic culti-
vars were developed, it appeared that the erucic acid had simply been redirected into other fatty acids with most becom-
ing oleic acid. This level of oleic acid tended to vary within a fairly narrow range of approximately 55 to 65 percent by
weight based upon the total fatty acid content. See, Chapter 7 entitled "The Introduction of Low Erucic Acid Rapeseed
Varieties Into Canadian Production” by J.K. Daun from the previously identified Academic Press Canada (1983) publi-
cation. The weight percent of other fatty acids also varied somewhat, but not enough to define unique types with the
potential for distinct uses or added commercial value. See, also "Prospects for the Development of Rapeseed (B. nhapus
L.) With Improved Linoleic and Linolenic Acid Content” by N.H. Roy and A.W. Tarr, Plant Breeding, Vol. 98, Pages 89 to
96 (1987).

[0004] At the present time, canola oil is being marketed by Procter & Gamble under the Puritan trademark. Such veg-
etable oil typically is free of cholesterol, and the fatty acids present in it consist of approximately 6 percent saturated
fatty acids in the form of stearic and palmitic acids, approximately 22 percent by weight linoleic acid which contains two
double bonds per molecule of 18 carbon atoms, approximately 10 percent by weight alpha-linolenic acid which contains
three double bonds per molecule of 18 carbon atoms, approximately 62 percent by weight oleic acid which contains a
single double bond per molecule of 18 carbon atoms, and less than one percent by weight erucic acid which contains
a single double bond per molecule of 22 carbon atoms.

[0005] Over the years scientists have attempted to improve the fatty acid profile for canola oil. For example, the oxi-
dative stability of the vegetable oil is related to the number of double bonds in its fatty acids. That is molecules with sev-
eral double bonds are recognized to be more unstable. Thus, scientists have attempted to reduce the content of alpha-
linolenic acid in order to improve shelf life and oxidative stability, particularly under heat. This has not proved to be pos-
sible through the use of naturally occurring germplasm and the reported values for alpha-linolenic acid for such germ-
plasm have been greater than 6 percent by weight (e.g., greater than 6 up to approximately 12 percent by weight). As
reported by Gerhard Rébbelen in Chapter 10 entitled "Changes and Limitations of Breeding for Improved Polyenic Fatty
Acids Content in Rapeseed” from "Biotechnology for the Qils and Fats Industry” edited by Colin Ratledge, Peter Daw-
son, and James Rattray, American Qil Chemists' Society (1984), a mutagenesis experiment was able to achieve lines
with less than approximately 3.5 percent by weight of alpha-linolenic acid based upon the total fatty acid content. The
profiles of these lines indicate that nearly all of the alpha-linolenic fatty acid was being directed to linoleic acid and that
the levels of oleic acid increased only one or two percent. Nevertheless the oil appeared to offer some advantages over
normal canola oil. For instance, the refining process required less hydrogenation than normal canola oil and it exhibited
a superior fry life.

[0006] Inrecent years studies have established the value of monounsaturated fatty acids as a dietary constituent. This
has led to the popularization of the "Mediterranean Diet,” with its emphasis on olive oil, a naturally occurring high source
of oleic acid. Such a diet is thought to avoid the problem of arteriosclerosis that results from saturated fatty acids. Even
in this diet, however, olive oil is thought to be less than ideal, due to its level of saturates. Canola oil is potentially a supe-
rior dietary oil, since it contains approximately one-half the saturated fats as olive oil, and since its relatively high levels
of alpha-linolenic acid which are deleterious to shelf life and oxidative stability may be a benefit from a dietary point of
view. Alpha-linolenic acid is believed to be a precursor for the synthesis by the body of a family of chemicals which may
reduce risk from cardiovascular diseases.
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[0007] It is recognized in the literature that the oleic acid content of canola varies slightly with the environment, tem-
perature, and the moisture availability when the rapeseed is formed. As previously indicated the oleic acid content of
available canola cultivars commonly is approximately 55 to 65 percent by weight. See, for instance, Table V at Page 171
from Chapter 7 entitled "The Introduction of Low Erucic Acid Rapeseed Varieties Into Canadian Production” by J.K.
Daun appearing in "High and Low Erucic Acid Rapeseed Qils", Academic Press Canada (1983). As reported in the
same article, rape varieties which possess greater concentrations of erucic acid will possess even lower oleic acid con-
tents.

[0008] Occasionally higher oleic acid contents have been mentioned but have not been made available to the rape-
seed grower. For instance, at Page 23 of proceedings of the 7th International Rapeseed Congress held at Poznan,
Poland, on May 11 to 14, 1987, passing reference is reported to a canola sample having an oleic content of 79.0 per-
cent under a given set of growing conditions and oleic acid content of 74 percent under different growing conditions.
This plant was said to be produced by recurrent selection while employing unidentified parent plants. This is a non-ena-
bling disclosure which will not place the reader of this publication in possession of a rape plant which produces rape-
seeds having the increased oleic acid content.

[0009] As reported in United States Patent Nos. 4,517,763; 4,658,084; and 4,658,085; and the publications identified
therein, hybridization processes suitable for the production of rapeseed are known.

[0010] An object of the present invention is the use of a substantially uniform assemblage of improved rapeseeds in
the production of a vegetable oil of increased stability.

[0011] An object of the present invention is the use of to a substantially uniform assemblage of improved rapeseeds
in the production of a vegetable oil of increased stability at elevated temperatures which particularly is suited for the
deep-frying of food products for human consumption.

[0012] An object of the present invention is the use of a substantially uniform assemblage of improved rapeseeds in
the production of a vegetable oil which possesses a higher oleic acid content than heretofore available in combination
with other desirable traits.

[0013] An object of the present invention in a preferred embodiment is the use of a substantially uniform assemblage
of improved rapeseeds in the production of a vegetable oil which possesses a higher oleic acid content in combination
with a lower alpha-linolenic acid content than heretofore available.

[0014] Another object of the present invention is the use of a substantially uniform stand of rape plants capable upon
self-pollination of forming rapeseeds in the production of a vegetable oil of increased stability.

[0015] Another object of the present invention is the use of a substantially uniform stand of rape plants capable upon
self-pollination of forming rapeseeds in the production of a vegetable oil of increased stability which particularly is suited
for the deep-frying of food products for human consumption.

[0016] Another object of the present invention is the use of a substantially uniform stand of rape plants capable upon
self-pollination of forming rapeseeds in the production of a vegetable oil which possesses a higher oleic acid content
than heretofore available in combination with other desirable traits.

[0017] Another object of the present invention a preferred embodiment is the use of a substantially uniform stand of
rape plants capable upon self-pollination of forming rapeseeds in the production of a vegetable oil which possesses a
higher oleic acid content in combination with a lower alpha-linolenic acid content than heretofore available.

[0018] These and other objects and advantages of the invention will be apparent to those skilled in the art from a read-
ing of the following description and appended claims.

[0019] Use of a substantially homogeneous assemblage of mature rapeseeds in the production of vegetable oil is pro-
vided, wherein the rapeseeds have (1) an oleic acid content of at least 79 percent by weight based upon the total fatty
acid content, (2) an erucic acid content of no more than 2.0 percent by weight based on the total fatty acid content, and
(3) a glucosinolate content in the solid component of less than 100 micromoles per gram.

[0020] Use of a substantially uniform stand of rape plants in the production of vegetable oil is provided which upon
self-pollination form rapeseeds which yield a vegetable oil following crushing and extraction, wherein the rapeseeds
have (1) an oleic acid content of at least 79 percent by weight based upon the total fatty acid content, (2) an erucic acid
content of no more than 2.0 percent by weight based on the total fatty acid content, and (3) a glucosinolate content in
the solid component of less than 100 micromoles per gram.

[0021] Heretofore available rapeseed plants, whether Brassica napus or Brassica campestris, have formed rapeseeds
which possess an oleic acid content of well under 79 percent by weight based upon the total fatty acid content. For the
purposes of the present invention the oleic acid content of a given rapeseed is determined by a standard procedure
wherein the oil is removed from the rapeseeds by crushing the seeds and is extracted as a methyl ester following reac-
tion with methanol and sodium hydroxide. Next the resulting ester is analyzed for fatty acid content by gas liquid chro-
matography using a capillary column which allows separation on the basis of the degree of unsaturation and chain
length. This analysis procedure is described in the work of J.K. Daun et al, J. Amer. Qil Chem. Soc. 60: 1751-1754
(1983) which is herein incorporated by reference. The higher quality canola varieties of rapeseed which are available
for commercial planting commonly possess an oleic acid content of no more than 65 percent by weight based upon the
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total fatty acid content. Accordingly, a need has persisted in the past for improved canola varieties which exhibit a sig-
nificantly higher oleic acid content.

[0022] To obtain the rapeseeds and rape plants used in the present invention one preferably selects plant cells capa-
ble of regeneration (e.g., seeds, microspores, ovules, vegetative parts) from any of the canola varieties which are rec-
ognized to have superior agronomic characteristics. Such plant cells may be derived from Brassica napus or Brassica
campesttis plants. The Brassica napus plants may be of either the summer or winter types. The plant cells derived from
a rapeseed plant which forms rapeseeds which possess an oleic acid content of less than 79 percent by weight based
upon the total fatty acid content next are subjected in at least one generation to mutagenesis, a rape plant is regener-
ated from the cells to produce a rape plant and to form rapeseed in at least one subsequent generation, rapeseed is
selected having an oleic acid content of at least 79 percent by weight based upon the total fatty acid content, and a rape
plant is produced on the basis of this selection which is self-pollinated for a sufficient number of generations (e.g., 2 to
8 additional generations) to achieve substantial genetic homogeneity and to form rapeseeds thereon which contain at
least 79 percent oleic acid by weight based upon the total weight of fatty acids present. The plant cells which are sub-
jected to mutagenesis also commonly are from plants which form rapeseeds having an alpha-linolenic content of
greater than 5.0 percent by weight (e.g., greater than 3.5 percent by weight), and selection concurrently is made for a
reduced alpha-linolenic acid content.

[0023] The mutagenesis preferably is carried out by subjecting the plant cells (e.g., a rapeseed) to a technique
selected from the group consisting of gamma irradiation, contact with a chemical mutagen, and a combination of the
foregoing, for a sufficient duration to accomplish the desired increase in oleic acid content (and preferably also the
desired decrease in alpha-linolenic acid content) via a genetic modification but insufficient to destroy the viability of the
cells and their ability to be regenerated into a plant. A rapeseed preferably possesses a moisture content of approxi-
mately 5 to 6 percent by weight at the time of such mutagenesis. The mutagenesis preferably is carried out by gamma
radiation, such as that supplied by a Cesium 137 source. The gamma radiation preferably is supplied to the plant cells
(e.q., a rapeseed) in a dosage of approximately 60 to 200 Krad., and most preferably in a dosage of approximately 60
1o 90 Krad. It should be understood that even when operating at radiation dosages within the ranges specified, some
plant cells (e.g., rapeseeds) will lose their viability and must be discarded. The desired mutagenesis may be accom-
plished by use of chemical means such as by contact with ethylmethylsulfonate, ethylnitrosourea, etc., and by the use
of physical means such as x-ray, etc.

[0024] It will be appreciated that the mutagenesis treatment will result in a wide variety of genetic changes within the
rape plants which are produced. Many of these changes will be deleterious to the viability of the resulting plant over an
extended period of time. Some changes also will produce viable plants which possess deficient agronomic character-
istics. Such off-types may be simply discarded. However, if desired plants which have undergone mutation with respect
to oleic acid production coupled with undesirable agronomic traits can be retained and used as breeding or source
material from which plants having the targeted trait coupled with satisfactory agronomic characteristics are derived.
[0025] Following mutagenesis rape plants are regenerated from the treated cells using known techniques. For
instance, the resulting rapeseeds may be planted in accordance with conventional rape growing procedures and follow-
ing self-pollination rapeseed is formed thereon. Alternatively, doubled haploid plantlets may be extracted. The planting
of the treated rapeseed preferably is carried out in a greenhouse in which the pollination is carefully controlled and mon-
itored. Additional rapeseed which is formed as a result of such self-pollination in the present or a subsequent generation
is harvested and is subjected to analysis for oleic acid content. Since Brassica napus and Brassica campesttis are
dicotyledons, the analysis for oleic acid can be carried out on a halfseed, and the remaining halfseed can be retained
for possible future germination if the oleic acid content is found to be favorable as a result of the mutagenesis. The rape-
seeds can be carefully separated into two halfseeds using known techniques.

[0026] When a mature halfseed is found to possess an oleic content of at least 79 percent by weight (preferably at
least 80 percent by weight), it is selected and retained. The oleic acid content of such selection preferably will be 79 to
90 percent by weight (e.q., 80 to 85 percent by weight).

[0027] The other halfseed (i.e., cotyledon) which will be genetically the same as the halfseed which was subjected to
halfseed analysis can next be caused to germinate and a rape plant is formed and allowed to undergo self-pollination.
Such planting of the halfseed preferably also is carried out in a greenhouse in which the pollination is carefully control-
led and monitored. The resulting rapeseed is harvested, planted, and is self-pollinated for a sufficient number of gener-
ations to achieve substantial genetic homogeneity. The genetic stabilization of the rape plant material enables the
creation of plants having a reasonably predictable genotype which can be used as breeding or source material for the
production of other improved rape varieties, as a finished variety for use by the rapeseed grower, or as a parent in the
production of hybrid rapeseed with the high oleic acid content being transferred to the progeny.

[0028] The resulting rapeseeds also are selected so that they possess the erucic acid and glucosinolate contents of
canola. More specifically, the erucic acid content is no more than 2.0 percent by weight based upon the total fatty acid
content, and preferably less than 0.1 percent by weight (e.g., less than 0.05 percent by weight) based on the total fatty
acid content, and the gluconsinolate content in the solid component is less than 100 micromoles per gram (preferably
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less than 30 micromoles per gram). The glucosinolate content may be any one or a mixture of 3-butenyl glucosinolate,
4-pentenyl glucosinolate, 2-hydroxy-3-butenyl glucosinolate, and 2-hydroxy-4-pentenyl gluconsinolate. The gluconsi-
nolate determination preferably is made on the air-dry-oil-free solid as measured by the gas liquid chromatograph
method of the Canadian Grain Commission. The erucic acid and glucosinolate levels commonly are made possible by
selecting starting materials which already possess highly desirable levels of these components. In a preferred embod-
iment wherein the vegetable oil is intended for frying applications the resulting rapeseeds also are selected which have
an alpha-linolenic acid content less than 5 percent by weight based upon the total fatty acid content (e.g., preferably no
more than 3.5 percent by weight based upon the total fatty acid content). Also, in a preferred embodiment the vegetable
oil contains no more than 7 percent by weight of saturated fatty acids in the form of stearic and palmitic acids based
upon the total fatty acid content (e.q., 6 to 7 percent by weight).

[0029] The desired traits described herein (e.q., unusually high oleic acid content) once established can be readily
transferred into other plants within the same Brassica napus or Brassica campestris species by conventional plant
breeding techniques involving cross-pollination and selection of the progeny. It has been demonstrated that the charac-
teristics are highly heritable, can be transmitted to their progeny, and can be recovered in segregating progeny in sub-
sequent generations following crossing. Also, once established the desired traits can be transferred between the napus
and campestris species using the same conventional plant breeding techniques involving pollen transfer and selection.
The transfer of other traits, such as low erucic acid content, between the napus and campestris species by standard
plant breeding techniques is already well documented in the technical literature. See, for instance, Brassica Crops and
Wild Allies Biology and Breeding, edited by S. Tsunada, K. Hinata, and Gomez Campo, Japan Scientific Press, Tokyo
(1980). As an example of the transfer of the desired traits described herein (e.g., unusually high oleic acid content) from
napus to campestris, one may select a commercially available campestris variety such as Tobin, Horizon, or Colt and
carry out an interspecific cross with an appropriate plant of the napus breeding lines discussed hereafter (e.g., FA677-
39, Topas H6-90 and FA677M5-132). Alternatively, other napus breeding lines may be reliably and independently devel-
oped when following the mutagenesis techniques described herein. The Tobin variety is available from Agriculture Can-
ada, Saskatoon, Saskatchewan, and other distributors. The Horizon and Colt varieties are available from Bonis &
Company Ltd. of Lindsay, Ontario, Canada. Following the interspecific cross, members of the F; generation are self-
pollinated to produce F, seed. Selection for the desired traits (e.g., unusually high oleic acid content) is then conducted
on single F» seeds which are then backcrossed with the campestris parent through the number of generations required
to obtain a euploid (n=10) campestris line exhibiting the desired traits (e.g., unusually high oleic acid content).

[0030] The rapeseeds possessing the specified combination of characteristics are multiplied to form a substantially
uniform assemblage of such seeds (e.g., a bag of such seeds) which can be used to produce a substantially uniform
stand of such rape plants. The rapeseeds present in such assemblage number at least 250 seeds, and the resulting
substantially uniform stand of rape plants numbers at least 250 plants.

[0031] The improved vegetable oil may be formed by simple extraction in a direct manner from the mature rapeseeds
such as by crushing and extraction in accordance with known techniques. See, for example, Chapter 8 entitled "Rape-
seed Crushing and Extraction” by D.H.C. Beach appearing in "High and Low Erucic Acid Rapeseed Qils,” Academic
Press Canada (1983) which is herein incorporated by reference. In a preferred embodiment the vegetable oil is present
in a quantity convenient for commercial or domestic use (e.g., a quantity of at least one liter).

[0032] The theory whereby the mutagenesis has been found to be capable of increasing the oleic acid content to such
high levels in rape is considered to be complex and incapable of simple explanation. For instance, the mutation may
adversely impact upon the formation of one or more enzymes which normally would function in dehydrogenation of the
fatty acids as the seeds mature.

[0033] The following Examples are presented as a specific illustrations of the claimed invention. It should be under-
stood, however, that the invention is not limited to the specific details set forth in the Examples.

Example |

[0034] Seeds of the Regent variety of Brassica napus were selected as the starting material. This variety of canola is
of the summer type and is suitable to produce vegetable oil when grown in the north central region of the United States,
the western prairie area of Canada, and other areas where summer rape is adapted. The Regent variety was first intro-
duced in 1977 by the University of Manitoba. Planting seed for the Regent variety is available from the Department of
Plant Science of the University of Manitoba. A representative sample (i.e., 2.0 grams) of the mature seeds of the start-
ing material prior to subjection to gamma radiation (as described hereafter) contained the following fatty acids in the
approximate concentrations indicated based upon the total weight of the fatty acids present while using gas liquid chro-
matography analysis technique previously described:
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Fatty Acid Number of Carbon Number of Double Weight Percent
Atoms Per Molecule Bonds Per Molecule
Palmitic 16 0 48
Palmitoleic 16 1 0.1
Stearic 18 0 1.6
Oleic 18 1 65.4
Linoleic 18 2 19.3
Alpha-Linolenic 18 3 6.9
Arachidic 20 0 0.6
Eicosenoic 20 1 1.0
Behenic 22 0 0.3
Erucic 22 1 non-detectable

[0035] The gluconsinolate content in the solid component was 13.44 micromoles per gram as determined by the gas
liquid chromatograph method of the Canadian Grain Commission.

[0036] Prior to gamma irradiation the seeds of the Regent variety of canola were stored under conditions so as to
maintain viability. More specifically, the seeds were stored in a cold storage room maintained at approximately 10°C.
and 40 percent relative humidity, and contained a moisture content of approximately 5.5 percent by weight following air
drying.

[0037] Seeds of the Regent variety (i.e., approximately 10 grams) next were placed in a Gammacell 1000 gamma
irradiation apparatus manufactured by Atomic Energy of Canada, Ltd. where they were subjected 90 Krad. of irradiation
produced by a Cesium 137 source at a rate of 26.61 Krad. per hour in order induce mutagenesis. These seeds can be
termed M1 seeds.

[0038] The M1 seeds following subjection to gamma irradiation were planted in a greenhouse at Georgetown, Ontario,
Canada, having a day temperature of approximately 25 + 3°C., and a night temperature of approximately 18°C. Approx-
imately 40 percent of the gamma irradiated seeds produced fertile rape plants which upon self-pollination yielded M2
seeds. The M2 seeds were next planted in the field at the same location to produce plants which following pollination
produced M3 seeds.

[0039] Representative M3 seeds produced on the M2 plants next were soaked in water and one cotyledon from each
seed was carefully removed for the analysis of its fatty acid composition using the gas liquid chromatography analysis
technique previously described. Such halfseed analysis was carried out in accordance with the procedure of "Methods
for Breeding for QOil Quality in Rape” by R.K. Downey and B.L. Harvey reported in Canadian Journal of Plant Science,
Vol. 43, Pages 271 to 275 (1963) which is herein incorporated by reference. From a total of 4490 cotyledon analyses
from M3 plants, 37 cotyledons were determined to contain an increased oleic acid content within the range of 70.2 to
76 percent based upon the total fatty acid content, and an alpha-linolenic acid content within the range of 5.4 to 13.1
percent based upon the total fatty acid content.

[0040] An M3 halfseed designated as FA 677 was selected which was found to contain the following fatty acids in the
concentrations indicated based upon the total weight of fatty acids present:

Fatty Acid Number of Carbon Number of Double Weight Percent
Atoms Per Molecule Bonds Per Molecule

Palmitic 16 0 4.0

Palmitoleic 16 1 non-detectable

Stearic 18 0 1.4

Oleic 18 1 70.9
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(continued)
Fatty Acid Number of Carbon Number of Double Weight Percent
Atoms Per Molecule Bonds Per Molecule
Linoleic 18 2 10.7
Alpha-Linolenic 18 3 11.0
Arachidic 20 0 0.5
Eicosenoic 20 1 1.2
Behenic 22 0 0.3
Erucic 22 1 non-detectable

[0041] All the M3 halfseeds including FA 677 were planted in the greenhouse and were caused to undergo self-polli-
nation and to form the M4 generation. Each of these plants produced sufficient seed for random 50 seed samples from
each plant to be crushed and analyzed by gas liquid chromatography. When these representative 50 seed samples
from the M4 generation were analyzed, it was found that the oleic acid content ranged from 63 to 80 percent by weight
based upon the total fatty acid content, and the alpha-linolenic acid content ranged from 3.2 to 7.7 percent by weight
based upon the total fatty acid content. The single plant designated FA 677 was found to have the highest oleic acid
content (i.e., 80 percent). Sixty-five seeds from this plant were planted to grow the M5 generation. For reference pur-
poses, 50 of these 65 seeds were also subjected to cotyledon analysis, which revealed oleic acid levels ranging from
74.0 to 85.0 percent by weight based upon the total fatty acid content. The cotyledon analysis-derived profile of the best
plant (85.0 percent oleic acid) is shown in the table below:

Fatty Acid Number of Carbon Number of Double Weight Percent
Atoms Per Molecule Bonds Per Molecule
Palmitic 16 0 3.2
Palmitoleic 16 1 0.2
Stearic 18 0 24
Oleic 18 1 85.0
Linoleic 18 2 44
Alpha-Linolenic 18 3 27
Arachidic 20 0 1.0
Eicosenoic 20 1 1.2
Behenic 22 0 non-detectable
Erucic 22 1 non-detectable

[0042] The specific FA 677 plant identified above which produced the oleic acid content of 85 percent by weight based
upon the total fatty acid content was lost in the next generation through raceme breakage in the greenhouse. However,
when a 50 seed sample from a sister plant in the M5 generation, designated FA 677-39, was analyzed after crushing,
the following fatty acids were observed in the concentrations indicated based upon the total weight of the fatty acids
present. The plants resulting from the germination of the seeds exhibited a substantially uniform phenotype.

Fatty Acid

Number of Carbon
Atoms Per Molecule

Number of Double
Bonds Per Molecule

Weight Percent

Myristic

14

0

0.1
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(continued)
Fatty Acid Number of Carbon Number of Double Weight Percent
Atoms Per Molecule Bonds Per Molecule

Palmitic 16 0 41
Palmitoleic 16 1 0.3
Stearic 18 0 1.6
Oleic 18 1 79.2
Linoleic 18 2 7.1
Alpha-Linolenic 18 3 46
Arachidic 20 0 0.7
Eicosenoic 20 1 1.5
Behenic 22 0 0.5
Erucic 22 1 0.06
Lignoceric 24 0 0.3

[0043] The gluconsinolate content in the solid component was 10.94 micromoles per gram. The plants produced from
the seed are true-breeding upon self-pollination and exhibit a substantially uniform phenotype. Significantly, the aver-
age oleic acid content of all of the samples analyzed (65 samples, 50 seeds per sample) was 77.1 percent by weight
based upon the total fatty acid content indicating a stably high oleic acid level in all descendents of the plant designated
FA 677.

[0044] Further selections using the FA677-39 breeding line can result in the identification of plants exhibiting even
higher oleic acid contents. These plants can be preserved and multiplied using conventional techniques.

[0045] The increased oleic acid content renders the rapeseeds capable of providing a vegetable oil of increased sta-
bility when exposed to heat. Accordingly, the resulting oil can reliably be used for food-frying applications for a more
extended period of time without deleterious results when compared to the canola oil of the prior art. Also, the reduced
alpha-linolenic acid content of the resulting vegetable oil imparts enhanced oxidative stability to the same.

[0046] Comparable rapeseed seeds of the M5 generation designated FA 677-39 have been deposited under the
Budapest Treaty in the American Type Culture Collection, 12301 Parklawn Drive, Rockville, Maryland 20852, U.S.A., on
December 31, 1987. This seed deposit has received Accession No. 40409, and will be made available upon the matu-
ration of this application into a patent. However, the availability of these seeds is not to be construed as a license to
practice this invention in contravention of the rights granted under the authority of any government in accordance with
its patent or breeder’s rights laws.

Example Il

[0047] Twelve selections from the M5 generation (discussed with respect to Example I) having the highest oleic acid
contents were subjected to further mutagenesis while employing a chemical mutagen. More specifically, two composite
seed lots of these selections were formed consisting of 1,000 seeds each and were treated with ethylnitrosourea. The
ethylnitrosourea was present in a dimethylsulfoxide solvent at a concentration of 8 mM. (millimoles). During the prepa-
ration of the ethylnitrosourea solution 25 ml. of dimethylsulfoxide were added to one gram of ethylnitrosourea and the
resulting solution was buffered at a pH of 5.5 with 5mM. (millimoles) of morpholinoethanesufonic acid. Each seed lot
was placed in a large petri dish and 30 ml. of the resulting solution were added. The seeds while in contact with the
ethylnitrosourea solution were incubated in the dark at 20°C. for 18 hours, were rinsed three times with distilled water,
and were planted in flats present in a greenhouse containing a soilless greenhouse growing media. 500 seeds were
planted per flat.

[0048] Approximately 30 percent of the seeds which were treated with the ethylnitrosourea solution grew into plants,
the plants were transplanted into pots, the potted plants were grown in a greenhouse, and approximately 25 percent of
these exhibited sufficient fertility to undergo self-pollination and to produce seed (i.e., the M2 generation following muta-
genesis while employing a chemical mutagen).

[0049] Seeds (i.e., the M2 generation) were next harvested from 153 plants (i.e., the M1 plants). Ten seeds from each
of the plants were individually analyzed by the halfseed analysis previously described. A total of 276 cotyledon selec-
tions were obtained having an oleic acid level of 77 percent by weight or higher based upon the total fatty acid content.
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Three of these selections were found to contain an oleic acid content of 84 percent by weight based upon the total fatty
acid content.

[0050] The remaining cotyledons from the 276 selections were planted in a greenhouse at Georgetown, Ontario, Can-
ada having a day temperature of approximately 25 + 3°C. and a night temperature of approximately 18°C., plants were
formed, and seeds were formed as the result of self-pollination (i.e., the M3 generation following mutagenesis while
employing a chemical mutagen). A selection designated FA677M5-132 in the M3 generation was found to exhibit while
using two random 50 seed bulk analyses an oleic acid content of 81.9 percent by weight based upon the total fatty acid
content, an alpha-linolenic acid content of 4.03 percent by weight based upon the total acid content, a non-detectible
erucic acid content, a saturated fatty acid content of 6.59 percent by weight in the form of stearic and palmitic acids
based upon the total fatty acid content, and a glucosinolate content in the solid component of less than 30 micromoles
per gram. The plants resulting from the germination of the seeds exhibited a substantially uniform phenotype. Further
selections from within the FA677M5-132 breeding line will result in the identification of plants exhibiting even higher
oleic acid contents. These plants can be preserved and multiplied using conventional techniques. For instance, when
analyzing single cotyledons of this breeding line, oleic acid contents higher than 85 percent by weight based upon the
total fatty acid content have been observed.

[0051] Comparable rapeseeds of the M3 generation designated FA677M5-132 have been deposited under the Buda-
pest Treaty in the American Type Culture Collection, 12301 Parklawn Drive, Rockville, Maryland 20852, U.S.A., on
December 13, 1988. This seed deposit has received Accession No. 40523, and will be made available upon the matu-
ration of this application into a patent. However, the availability of these seeds is not to be construed as a license to
practice this invention in contravention of the rights granted under the authority of any government in accordance with
its patent or breeder’s rights laws.

Example llI

[0052] Seeds of Topas variety of Brassica napus were selected as the starting material. This variety of canola is of
the summer type and is suitable to produce vegetable oil when grown in the United States, Canada, Sweden, and other
areas where summer rape is adapted. The Topas variety was registered in 1987 by Svaldof AB of Sweden. Planting
seed for this variety is available from Bonis & Company Lid. of Lindsay, Ontario, Canada. This variety typically exhibits
an oleic acid content of approximately 65 percent by weight based upon the total fatty acid content and an alpha-lino-
lenic acid content of approximately 8 percent by weight based upon the total fatty acid content.

[0053] Ten thousand seeds of the Topas variety were subjected to mutagenesis while employing a chemical mutagen.
More specifically, seed lots were formed consisting of 1,000 seeds each and were treated with ethylnitrosourea as pre-
viously described. The resulting seeds were planted in flats present in a greenhouse containing a soilless greenhouse
growing media. 500 seeds were planted in each flat and can be termed M1 seeds.

[0054] Seeds (i.e., the M2 generation) were formed as the result of self-pollination on 111 surviving fertile plants (i.e.,
the M1 plants). One of the M2 seeds when subjected to cotyledon analysis exhibited on oleic acid content of 82.07 per-
cent by weight and an alpha-linolenic acid content of 5.12 percent by weight based upon the total fatty acid content. The
remaining M2 cotyledon was planted in a greenhouse at Georgetown, Ontario, Canada, having a day temperature of
approximately 25 + 3°C. and a night temperature of approximately 18°C., a plant was formed, and seeds were formed
as the result of self-pollination (i.e., the M3 generation). This M3 generation was designated Topas H6-90 and was
found to exhibit while using two random 50 seed bulk analyses an oleic acid content of 81.17 percent by weight based
upon the total fatty acid content, an alpha-linolenic acid content of 3.55 percent by weight based upon the total fatty acid
content, a non-detectible erucic acid content, a saturated fatty acid content of 6.17 percent by weight in the form of
stearic and palmitic acids based upon the total fatty acid content, and a glucosinolate content in the solid component of
less than 30 micromoles per gram. The plants resulting from the germination of the seeds exhibited a substantially uni-
form phenotype. Further selections from within the Topas H6-90 breeding line (as indicated hereafter) will result in the
identification of plants exhibiting even higher oleic acid contents. These plants can be preserved and multiplied using
conventional techniques.

[0055] Comparable rapeseeds of the M3 generation designated Topas H6-90 have been deposited under the Buda-
pest Treaty in the American Type Culture Collection, 12301 Parklawn Drive, Rockville, Maryland 20852, U.S.A., on
December 13, 1988. This seed deposit has received Accession No. 40524, and will be made available upon the matu-
ration of this application into a patent. However, the availability of these seeds is not to be construed as a license to
practice this invention in contravention of the rights granted under the authority of any government in accordance with
its patent or breeder's rights law. Further selection within the M3 generation of Topas H6-90 identified a selection iden-
tified as Topas H6-90-99 containing the following fatty acids in the approximate concentrations indicated based upon
the total fatty acids present while using the same gas liquid chromatography analysis technique previously described:
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Fatty Acid Number of Carbon Number of Double Weight Percent
Atoms Per Molecule Bonds Per Molecule
Palmitic 16 0 3.57
Palmitoleic 16 1 0.31
Stearic 18 0 1.87
Oleic 18 1 85.84
Linoleic 18 2 3.54
Alpha-Linolenic 18 3 2.68
Arachidic 20 0 0.49
Eicosenoic 20 1 1.29
Behenic 22 0 0.32
Erucic 22 1 non-detectable
Lignoceric 24 0 0.07

[0056] Seeds produced from H6-90-99 will continue to exhibit a glucosinolate content in the solid component of less
than 30 micromoles per gram.

[0057] Although the invention has been described with preferred embodiments, it is to be understood that variations
and modifications may be resorted to as will be apparent to those skilled in the art. Such variations and modifications
are to be considered within the purview and scope of the claims appended hereto.

Claims

1.

Use of a substantially homogeneous assemblage of mature rapeseeds in the production of vegetable oil, said rape-
seeds having (1) an oleic acid content of at least 79 percent by weight based upon the total fatty acid content, (2)
an erucic acid content of no more than 2.0 percent by weight based on the total fatty acid content, and (3) a glu-
cosinolate content in the solid component of less than 100 micromoles per gram.

Use of a substantially homogeneous assemblage of seeds according to claim 1, wherein said rapeseeds were
formed on Brassica napus plants.

Use of a substantially homogeneous assemblage of rapeseeds according to claim 1 or claim 2, which rapeseeds
have an oleic acid content of at least 80 percent by weight based upon the total fatty acid content.

Use of a substantially homogeneous assemblage of rapeseeds according to claim 1 or claim 2, which rapeseeds
have an oleic acid content of 80 to 90 percent by weight based upon the total fatty acid content.

Use of a substantially homogeneous assemblage of rapeseeds according to any one of the preceding claims,
which rapeseeds have an alpha-linolenic acid content of less than 5 percent by weight based upon the total fatty
acid content.

Use of a substantially homogeneous assemblage of rapeseeds according to claim 5, which rapeseeds have an
alpha-linolenic acid content of no more than 3.5 percent by weight based upon the total fatty acid content.

Use of a substantially uniform stand of rape plants in the production of vegetable oil, which rape plants upon self-
pollination form rapeseeds which yield a vegetable oil following crushing and exiraction, said rapeseeds having (1)
an oleic acid content of at least 79 percent by weight based upon the total fatty acid content, (2) an erucic acid con-
tent of no more than 2.0 percent by weight based on the total fatty acid content, and (3) a glucosinolate content in
the solid component of less than 100 micromoles per gram.
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Use of a substantially uniform of stand of rape plants according to claim 7, wherein said plants are Brassica napus.

Use of a substantially uniform stand of rape plants according to claim 7 or claim 8, wherein said rapeseeds have
an oleic acid content of at least 80 percent by weight based upon the total fatty acid content.

Use of a substantially uniform stand of rape plants according to claim 7 or claim 8, wherein said rapeseeds have
an oleic acid content of 80 to 90 percent by weight based upon the total fatty acid content.

Use of a substantially uniform stand of rape plants according to any one of claims 7 to 10, wherein said rapeseeds
have an alpha-linolenic acid content of less than 5 percent by weight based upon the total fatty acid content.

Use of a substantially uniform stand of rape plants according to claim 11, wherein said rapeseeds have an alpha-
linolenic acid content of no more than 3.5 percent by weight based upon the total fatty acid content.

Patentanspriiche

1.

10.

11.

Verwendung einer im wesentlichen homogenen Ansammlung von reifen Rapssamen bei der Herstellung von Pflan-
zenodl, welche Rapssamen (1) einen Qlsauregehalt von zumindest 79 Gew.%, bezogen auf den Gesamtgehalt an
Fettsduren, (2) einen Erucasauregehalt von nicht mehr als 2,0 Gew.%, bezogen auf den Gesamtgehalt an Fettsau-
ren, und (3) einen Glucosinolatgehalt in der Feststoffkomponente von weniger als 100 pmol/g aufweisen.

Verwendung einer im wesentlichen homogenen Ansammlung von Samen nach Anspruch 1, worin die Rapssamen
auf Brassica napus-Pflanzen gebildet wurden.

Verwendung einer im wesentlichen homogenen Ansammlung von Rapssamen nach Anspruch 1 oder 2, worin die
Rapssamen einen Olsduregehalt von zumindest 80 Gew.%, bezogen auf den Gesamtgehalt an Fettsauren, aufwei-
sen.

Verwendung einer im wesentlichen homogenen Ansammlung von Rapssamen nach Anspruch 1 oder 2, welche
Rapssamen einen Olsauregehalt von 80 bis 90 Gew.%, bezogen auf den Gesamtgehalt an Fettsauren, aufweisen.

Verwendung einer im wesentlichen homogenen Ansammlung von Rapssamen nach einem der vorhergehenden
Anspriiche, welche Rapssamen einen alpha-Linolenséduregehalt von weniger als 5 Gew.%, bezogen auf den
Gesamtgehalt an Fettsauren, aufweisen.

Verwendung einer im wesentlichen homogenen Ansammlung von Rapssamen nach Anspruch 5, welche Rapssa-
men einen alpha-Linolenséduregehalt von nicht mehr als 3,5 Gew.%, bezogen auf den Gesamtgehalt an Fettsauren,
aufweisen.

Verwendung eines im wesentlichen einheitlichen Bestands von Rapspflanzen bei der Herstellung von Pflanzenél,
welche Rapspflanzen nach der Selbstbestaubung Rapssamen bilden, die nach Zerkleinern und Extrahieren ein
Pflanzenél liefern, wobei die Rapssamen (1) einen Ols&uregehalt von zumindest 79 Gew.%, bezogen auf den
Gesamtgehalt an Fettsauren, (2) einen Erucasauregehalt von nicht mehr als 2,0 Gew.%, bezogen auf den Gesamt-
gehalt an Fettsauren, und (3) einen Glucosinolatgehalt in der Feststoffkomponente von weniger als 100 pmol/g auf-
weisen.

Verwendung eines im wesentlichen einheitlichen Bestands von Rapspflanzen nach Anspruch 7, worin die Pflanzen
Brassica napus-Pflanzen sind.

Verwendung eines im wesentlichen einheitlichen Bestands von Rapspflanzen nach Anspruch 7 oder 8, worin die
Rapssamen einen Olsduregehalt von zumindest 80 Gew.%, bezogen auf den Gesamtgehalt an Fettsauren, aufwei-

sen.

Verwendung eines im wesentlichen einheitlichen Bestands von Rapspflanzen nach Anspruch 7 oder 8, worin die
Rapssamen einen Olsauregehalt von 80 bis 90 Gew.%, bezogen auf den Gesamtgehalt an Fettsauren, aufweisen.

Verwendung eines im wesentlichen einheitlichen Bestands von Rapspflanzen nach einem der Anspriiche 7 bis 10,
worin die Rapssamen einen alpha-Linolensauregehalt von weniger als 5 Gew.%, bezogen auf den Gesamtgehalt
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an Fettsduren, aufweisen.

Verwendung eines im wesentlichen einheitlichen Bestands von Rapspflanzen nach Anspruch 11, worin die Raps-
samen einen alpha-Linolensauregehalt von nicht mehr als 3,5 Gew.%, bezogen auf den Gesamtgehalt an Fettsau-
ren, aufweisen.

Revendications

10.

11.

12.

Utilisation d'un ensemble essentiellement homogéne de graines de colza matures dans la production d'une huile
végétale, lesdites graines de colza ayant (1) une teneur en acide oléique d'au moins 79 pour cent en poids sur la
base de la teneur totale en acides gras, (2) une teneur en acide érucique non supérieure a 2,0 pour cent en poids
sur la base de la teneur totale en acides gras, et (3) une teneur en glucosinolates dans le constituant solide infé-
rieure & 100 micromoles par gramme.

Utilisation d'un ensemble essentiellement homogéne de graines de colza suivant la revendication 1, dans laquelle
lesdites graines de colza ont été formées sur des plants de Brassica napus.

Utilisation d'un ensemble essentiellement homogéne de graines de colza suivant la revendication 1 ou 2, lesdites
graines de colza ayant une teneur en acide oléique d'au moins 80 pour cent en poids sur la base de la teneur totale
en acides gras.

Utilisation d'un ensemble essentiellement homogéne de graines de colza suivant la revendication 1 ou la revendi-
cation 2, lesdites graines de colza ayant une teneur en acide oléique de 80 a 90 pour cent en poids sur la base de
la teneur totale en acides gras.

Utilisation d'un ensemble essentiellement homogéne de graines de colza suivant I'une quelconque des revendica-
tions précédentes, lesdites graines de colza ayant une teneur en acide alpha-linolénique inférieure a 5 pour cent
en poids sur la base de la teneur totale en acides gras.

Utilisation d'un ensemble essentiellement homogéne de graines de colza suivant la revendication 5, lesdites grai-
nes ayant une teneur en acide alpha-linolénique non supérieure a 3,5 pour cent en poids sur la base de la teneur
totale en acides gras.

Utilisation d'une récolte sur pied essentiellement uniforme de plants de colza dans la production d'une huile végé-
tale, lesdits plants de colza, par autopollinisation, formant des graines de colza qui donnent une huile végétale
aprés broyage et extraction, lesdites graines de colza ayant (1) une teneur en acide oléique d'au moins 79 pour
cent en poids sur la base de la teneur totale en acides gras, (2) une teneur en acide érucique non supérieure 4 2,0
pour cent en poids sur la base de la teneur totale en acides gras, et (3) une teneur en glucosinolates dans le cons-
tituant solide inférieure & 100 micromoles par gramme.

Utilisation d'une récolte sur pied essentiellement uniforme de plants de colza suivant la revendication 7, dans
laquelle lesdits plants sont des plants de Brassica napus.

Utilisation d'une récolte sur pied essentiellement uniforme de plants de colza suivant la revendication 7 ou la reven-
dication 8, dans laquelle lesdits plants de colza ont une teneur en acide oléique d'au moins 80 pour cent en poids
sur la base de la teneur totale en acides gras.

Utilisation d'une récolte sur pied essentiellement uniforme de plants de colza suivant le revendication 7 ou la reven-
dication 8, dans laquelle lesdits plants de colza ont une teneur en acide oléique de 80 a 90 pour cent en poids sur
la base de la teneur totale en acides gras.

Utilisation d'une récolte sur pied essentiellement uniforme de plants de colza suivant I'une quelconque des reven-
dications 7 a4 10, dans laquelle lesdites graines de colza ont une teneur en acide alpha-linolénique inférieure a 5
pour cent en poids sur la base de la teneur totale en acides gras.

Utilisation d'une récolte sur pied essentiellement uniforme de plants de colza suivant la revendication 11, dans

laquelle lesdites graines de colza ont une teneur en acide alpha-linolénique non supérieure a 3,5 pour cent en
poids sur la base de la teneur totale en acides gras.
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